Introduction
Cancer incidence is increasing with advancing age. It is estimated that nearly 70% of individuals over the age of 65 can get cancer by 2030 (1) . Due to its persistent condition, cancer disease represents a major global health problem (2) . A variety of therapeutic approaches, including antineoplastic drugs, chemotherapy, and antihormonal therapies have been used to treat cancer. Doxorubicin (DOX) is a powerful antineoplastic agent (3) . The use of DOX for the treatment of various types of cancer is supported by experimental and clinical data (4, 5) . Although they are seen as a promising target for the development of medications, clinical and preclinical studies have shown that DOX and other antineoplastic drugs generally produce an undesirable effect in the cardiovascular system and central nervous system (6, 7, 8, 9) . Recent animal studies revealed DOX-evoked neurobehavioral alterations such as anxiety and depression, limiting the optimization of doses in clinical trials and preclinical studies (10, 11) .
Agomelatine is a melatonergic M1 and M2 receptor agonist and serotonergic (5-HT2C) receptor antagonist properties (12) . Agomelatine also shows a longer half-life and greater affinity for MT1 and MT2 melatonin receptors (13) . Melatonin is a powerful antioxidant. In recent studies, Melatonin showed the anxiolytic effect and neuroprotective property in the experimental animal model (14, 15, 16) .
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Therefore, in the present study, we have investigated the possible neuroprotective effects of agomelatine alone and in combination with melatonin against DOX-induced neurotoxicity. We have determined the neurobehavioral changes (anxiety and depression), using Open Field Test (OFT) and Forced Swimming Test (FST).
Materials and Methods

Chemicals
Doxorubicin hydrochloride injection was purchased from Sandoz Pharmaceutical Industry, Turkey. Melatonin and agomelatine were commercially obtained from SigmaAldrich Chemicals (St. Louis, MO, USA).
Animals
Male Wistar rats (N=49; n=7 per group, aged 8-10 weeks; weighing 200-250 g, from the animal facility of the Gaziosmanpaşa University Animal Experimental Center, Tokat, Turkey, were used. The animals were housed under standard conditions of temperature (23°C±2°C) light, relative humidity (65 ± 10 %) and (12:12 h light/dark cycle) and with free access to water and food. All animals were maintained in individually ventilated Hepa filter cages. Daily health checks were carried out by the veterinarian. The animals were housed -cages for 7 days (pre-experimental period) to habituate prior to all drug injection and behavioral testing. All experimental procedures took place in the same room in which the habituation took place. Testing equipment had been installed in this room prior to the arrival of the animals. The animal room was sound-attenuated. All animal use procedures were carried out in accordance with the Regulations of Experimental Animal Administration. At the end of the experiment, all rats were killed by cervical dislocation under anesthesia. The study was approved and carried out under the strict rules structured by Institutional Animal Ethics Committee.
Experimental Design
The animals were randomly divided into seven groups of seven rats each (n=7x7):
Group I (Control) served as control groups and animals received saline for 7 days.
Group II (DOX) served as DOX groups, in which the animals received a total cumulative dose of 18 mg/kg, body weight, i.p. of DOX for 5th, 6th and 7th days.
Group III (MEL) animals received melatonin (40 mg/kg body weight, i.p.) for 7 days, dissolved in saline.
Group IV (AGO) animals received agomelatine (40 mg/kg body weight, i.p.) for 7 days, dissolved in saline.
Group V (MEL + DOX) animals received melatonin (40 mg/kg body weight, i.p.; dissolved in saline) for 7 days and were injected with DOX (cumulative dose: 18 mg/kg, i.p.) on the 5th, 6th and 7th days.
Group VI (AGO + DOX) animals received agomelatine (40 mg/kg body weight, i.p.; dissolved in saline) for 7 days and were injected with DOX (cumulative dose: 18 mg/kg, i.p.) on the 5th, 6th and 7th days.
Group VII (MEL + AGO + DOX) animals received melatonin and agomelatine (40 mg/kg body weight, i.p.; dissolved in saline) for 7 days and were injected with DOX (cumulative dose: 18 mg/kg, i.p.) on the 5th, 6th and 7th days.
Behavioral Assessment
Open Field Test
On the eighth day of the experiment, all groups were subjected to open field testing. The spontaneous locomotor activity of rats was tested on an area of 100x100 cm divided into 64 equal cuts in the open area. The movements of the animals were recorded with a video camera. Behavioral characteristics of the animals were assessed for 5 minutes on the open field. During this time, the following behavioral parameters were measured: locomotor activity (the number of squares crossed), the number of rearings and the duration of groomings. After each test, the animals were returned to their home cages, and the apparatus was cleaned with an alcoholic solution (5% alcoholic) followed by wet and dry paper towels (17) .
Forced Swim Test
On the eighth day, rats were individually placed into Plexiglas cylinders (54 cm high; length, 34 cm; width 60 cm) filled with water (24.0±1 °C) to a depth of 40 cm. Test sessions were recorded by a video camera positioned directly above the cylinders (18) . Rats were forced to swim for 5 min. During this time, the following behavioral parameters were measured: the time spent in immobility and swimming.
Statistical Analysis
Results are presented as the mean±standard error of the mean (SEM). The data were analyzed with One-way analysis of variance (ANOVA) used to compare key variable between groups, followed by the posthoc Tukey. Statistical significance was considered with a p<0.05. All statistical analyses were processed with Graph Pad Prism 7.0 software.
Results:
Open Field Test DOX-induced anxiety-like behavior in rats was evaluated through OFT.
The DOX-treated groups and the melatonin, agomelatine, melatonin combination with agomelatine pre-co-treatment in the DOX-treated group, showed significantly decreased the number of squares crossed ( Figure 1A The melatonin pre-co-treatment in the DOX-treated group show significantly enhanced the number of squares crossed ( Figure 1A, p<0.001 ), the number of rearings ( Figure 1B , p<0.001 and p<0.05 respectively) and the duration of grooming ( Figure 1C, p<0.001 ) when compared to the DOX-treated group.
The agomelatine pre-co-treatment in the DOX-treated group show significantly enhanced the number of squares crossed ( Figure 1A, p<0.001) , the number of rearings ( Figure 1B, p<0.001 ) and the duration of grooming ( Figure  1C, p<0.001 ) when compared to the DOX-treated group (Table 1) .
The melatonin and agomelatine combination pre-cotreatment in the DOX-treated group show significantly enhanced the number of squares crossed ( Figure 1A , p<0.001), the number of rearings ( Figure 1B p<0.01 ) and the duration of grooming ( Figure 1C, p<0.001 ) when compared to the DOX-treated group (Table 1) .
Forced Swim Test
DOX-induced depressive-like behavior in rats was evaluated through Forced FST.
The DOX-treated groups showed the significantly increased immobility time (Figure 2A, p<0 .001) and decreased the swimming time ( Figure 2B , p<0.001) when compared with the control group ( Table 2 ).
The melatonin, agomelatine and melatonin combination with agomelatine pre-co-treatment in the DOX-treated group, did not show any significant changes in immobility time and swimming time when compared with the control group (Figure 2A, 2B , Table 2 ).
The melatonin, agomelatine and melatonin combination with agomelatine pre-co-treatment in the DOX-treated group, show significantly decreased the immobility time (Figure 2A , p<0.001; p<0.001; p<0.001 respectively) and increased the swimming time in FST ( Figure 2B , p<0.01; p<0.001, p<0.001 respectively) when compared to DOXtreated groups (Table 2) . 
Discussion
In the present study, it is showed that DOX injection induced the behavioral changes in anxiety and depression. Studies have shown that the affinity of agomelatine for melatonin receptor is higher than for serotonin 5-HT2C receptors. For this reason, the study was intended to compare melatonin in equal doses. Thus, we observed that whether or not there was a behavioral difference in rats when agomelatine and melatonin were administered at the same dose. Subchronic and systemic administration of agomelatine doses showed a considerable anxiolytic and antidepressive effect similar to melatonin on DOX-induced behavioral changes in rats.
OFT has been widely used to assess anxiety-like behavior in rodents. In our studies, locomotor activity (in the number of squares crossed), exploratory behavior (the number of rearings) and grooming reactions in the DOX-treated rat were lower than control rats in OFT. The decrease in locomotor activity means an increase in anxiety-like behavior. (19, 20) . Decreased exploratory behavior may represent an implying deficit in novelty seeking motivation, loss of interest in new situations, a symptom of anxiety and depressive disorder. Decreased number of grooming reactions seem to submissive social behavior, social neglect and maternal cannibalism, mimic a loss of interest in or pleasure from typically, a core symptom of depression (21, 22, 23, 24) . The FST was chosen to test a behavioral measure of depressive-like state. Immobility time has been characterized as behavioral despair (25) . In this study, treatment with the doxorubicin significantly increased immobility time and decreased the swimming time compared to control rats. According to our findings, DOXtreated rats are more anxious and depressive than control rats.
Long-term use of DOX triggers neurotoxicity and may cause neuropsychiatric diseases including anxiety and depression (26) . In the OFT, DOX-treated rat showed a reduced exploratory behavior and locomotor activity. Also, it leads to the behavior changes in rats (27, 28) . Moreover, a single injection low dose of DOX (7 mg/kg) enhanced immobility time and decreased swimming time. Thus DOX administration could be associated with a mild depressivelike behavior.
The molecular mechanisms underlying the anxietydepressive-like behavior in DOX-injected rats were associated with the increased brain oxidative stress and reduced total antioxidant capacity (10, 29, 30, 31, 32, 33) .
Melatonin is the mainly endogenous antioxidant. It has a function to reduce the oxidative stress levels of a cell and to try to scavenge free radicals to prevent cell damage and neuronal death (34). Montilla et al. (35) found that DOX injection increased the oxidative stress, which was reduced by melatonin, in the hypothalamus and brain cortex. The antidepressant and anxiolytic effects of melatonin have been previously described in rodents subjected to the FST and OFT (36, 37) . In the present study, we demonstrated that an increase depressive-like behavior (significant increase immobility time and decreased swimming time) and anxiety-like behavior (significant decrease locomotor activity, exploratory behavior, and grooming reactions) in following DOX administration was significantly prevented by melatonin.
Agomelatine is a new antidepressant drug, an agonist at MT1, MT2 receptors, and antagonist at 5-HT2C receptors was the first melatonin receptor ligand showing antidepressant-like activity in animal drug screening tests (38) . The affinity of agomelatine for the 5-HT2C receptor is in the micromolar range and about 100-fold less than its affinity for melatonin receptors (13) . Melatonin receptors are involved in mediating anhedonic-and anxiety-like behaviors (39) . Our findings demonstrate that agomelatine attenuates the DOX-related anxiety and depressive-like behavior. The repressive effect of agomelatine on the DOX-induced behavioral changes in rats was found to be similar to that of melatonin. The results of the present study point out that the antidepressant effect of agomelatine may have been by antioxidant activity. As a result, agomelatine treatment may be helpful in managing depression and showed strong efficacy in the various animal depression model (40, 41) . Also, it should be considered that in many studies, agomelatine might modulate depression-induced lipid peroxidation and pro-inflammatory cytokines in the brain, kidney, and liver (42, 43, 44) . However, agomelatine stimulates cytokine production in the kidney (44) .
Conclusion
The present study demonstrates that melatonin and agomelatine treatment was able to reduce DOX-induced anxiety and depressive-like behavior evaluated in the OFT and FST. Thus, the antidepressant drugs must provide therapeutic potential without the risk of adverse effects, making it a valuable tool for the treatment of depression related to the use of antineoplastic drugs.
